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PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents, 
Washington, DC 20231 

Sir: 

Prior to examination of the above-referenced U.S. patent application please amend the 
application as follows: 

IN THE CLAIMS 

Please amend claim 4 as follows: 

4. (Amended) A recording and reproduction apparatus as defined in Claim 1, 
wherein said file system includes a selector for selecting an internal buffer to be used for every 
kind of access, in advance of use of the hard disk. 
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4. (Amended) A recording and reproduction apparatus as defined in [any of Claims 1 
to 3] Claim 1, wherein said file system includes a selector for selecting an internal buffer to be 
used for every kind of access, in advance of use of the hard disk. ,« no n , , „ , 
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Please add the following new claims: 



5. A recording and reproduction apparatus as defined in Claim 2, wherein said file 
system includes a selector for selecting an internal buffer to be used for every kind of access, in 
advance of use of the hard disk. 

6. A recording and reproduction apparatus as defined in Claim 3, wherein said file 
system includes a selector for selecting an internal buffer to be used for every kind of access, in 
advance of use of the hard disk. 
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The present Preliminary Amendment is submitted to delete the multiple dependency of the 
claims, thereby placing such claims in condition for examination and reducing the required PTO 
filing fee. 

Attached hereto is a marked-up version of the changes made to the claims by the current 
Preliminary Amendment. The attached page is captioned " Version With Markings to Show 
Changes Made ". 
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DESCRIPTION 
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TECHNICAL FIELD 

The present invention relates to a recording and 
reproduction apparatus for recording data on a hard disk, or 
reproducing and editing data on the hard disk and, more 
particularly, to a recording and reproduction apparatus having a 
file system for controlling recoding and reproduction to a hard 
disk . 

BACKGROUND OF THE INVENTION 

In recent years, there has been developed a recording and 
reproduction apparatus for recording and reproducing a high-bit- 
rate and continuous digital signal such as a video signal, 
besides burst data whose fundamental size is small, such as a 
document or the like. 

The above-mentioned recording and reproduction apparatus 
comprises a processor for controlling the operation of the entire 
apparatus, a main memory as a work recording unit for the 
processor, a hard disk as a secondary recording unit, a file 
system for executing data transfer between the main memory and 
the hard disk, and a video processing unit for terminating a 
video input and restoring a video output . The recording and 



reproduction apparatus records digital video on the hard disk, 
and reproduces the digital video from the hard disk and, further, 
performs editing of the digital video recorded on the hard disk. 

Further, ordinary data and video data exist in the hard disk 
of the recording and reproduction apparatus. The ordinary data 
is data to be processed by the processor, and it has the burst 
transfer characteristics. On the other hand, the video data is 
data to be processed by the video processing unit, and it has the 
continuous transfer characteristics. 

Hereinafter, the conventional recording and reproduction 
apparatus will be described taking examples. 
(Prior Art 1) 

Figure 2 is a block diagram illustrating a recording and 
reproduction apparatus according to Prior Art 1, which is 
described in, for example, Chapter 5 "File System" (p . 297~p . 386) 
of "MINIX Operating System" (supervised by Bun Sakamoto, April 21, 
1989, ASKII) . In the figure, 101 denotes a processor for 
controlling the operation of the entire apparatus, 102 denotes a 
main memory as a working recording circuit for the processor 101, 
103 denotes a hard disk as a data recording circuit, 104 denotes 
a file system for controlling data transfer between the main 
memory 102 and the hard disk 103 or between a video processing 
unit 105 and the hard disk 103, and 105 denotes a video 
processing unit for terminating a video input and restoring a 
video output. Further, 11 denotes a file management unit for 



3 



executing the procedure to manage a file, 12-1 denotes an HDD 
cache as an internal buffer of the file system 104, 12-2 denotes 
a recording data FIFO for holding recording data, 12-3 denotes a 
reproduction data FIFO for holding reproduction data, 13 denotes 
an HDD transfer control unit for executing data transfer, 15 
denotes a reception termination unit for converting a video" input 
into an internal recording format, and 16 denotes a decoder for 
creating a video output from the data recorded on the hard disk 
103. Further, the file system 104 is a file system managed by an 
operating system of a computer device 100, which is used as it is 
in the recording and reproduction apparatus. 

In Prior Art 1, transfer of the ordinary data between the 
hard disk 103 and the main memory 102, and transfer of the video 
data between the hard disk 103 and the video processing unit 105 
are executed through only the HDD cache which is a common 
internal buffer in the file system 104. 
(Prior Art 2) 

Figure 3 is a block diagram illustrating a recording and 
reproduction apparatus according to Prior Art 2, which is 
disclosed in Japanese Published Patent Application No. Hei.9- 
319523. Hereinafter, Prior Art 2 will be described with 
particular emphasis on a hard disk 103 and a file system 104 
which are different from those of Prior Art 1. In figure 3, the 
recording and reproduction apparatus of Prior Art 2 comprises a 
first file system 104-1 for transferring ordinary data, and 
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having a random-accessible HDD cache 1201 as an internal buffer; 
and a second file system 104-2 for transferring video data, and 
having a recording data FIFO 12-2 for holding recording data and 
a reproduction data FIFO 1203 for holding reproduction data. The 
hard disk 103 is managed by independent two areas, i.e., an 
ordinary data recording section 103-1 and a video data recording 
section 103-2. Since the constituents with the same reference 
numerals as those of Prior Art 1 shown in figure 2 operate in the 
same manners as described with respect to figure 2, repeated 
description is not necessary. 

In Prior Art 2, access to the ordinary data recording 
section 103-1 of the hard disk 103 by the processor 101, and 
access to the video data recording section 103-2 of the hard disk 
103 by the video processing unit 105 are controlled independently 
from each other. That is, an internal buffer to be used is fixed 
for each file type, and the HDD cache 12-1 is used for the data 
in the ordinary data recording section 103-1, and the recording 
data FIFO 12-2 or the reproduction data FIFO 12-3 is used for the 
data in the video data recording section 103-2. 

PROBLEMS TO BE SOLVED BY THE INVENTION 

In a recording and reproduction apparatus, when recording or 
reproducing ordinary data in/from a hard disk, it is necessary to 
make burst and random access to data smaller than several 
kilobytes, and when recording or reproducing video data in/ from a 
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hard disk, it is necessary to make continuous access at a 
transfer rate of several megabits/sec. In the conventional 
recording and reproduction apparatus, however, it is difficult to 
reconcile the random access and the continuous access. 

Hereinafter, the problems of Prior Art 1 and Prior Art 2 
will be described in detail. 
(Problem of Prior Art 1) 

In the recording and reproduction apparatus shown in figure 
2, since the ordinary data and the video data are transmitted 
through only the HDD cache 12 in the common file system 104, the 
transmission of the video data is affected by the transmission of 
the ordinary data. Even when the hard disk 103 has sufficient 
data transmission ability, if the ratio of the ordinary data to 
the HDD cache 12 in the system file is increased, the hard disk 
103 cannot transmit the video data at a predetermined rate. 
Accordingly, in the file system 104 shown in figure 2, the larger 
the data size becomes, the larger the access delay to the file 
system 104 grows, leading to difficulty in securing continuity of 
recorded or reproduced video data. 
(Problem of Prior Art 2) 

On the other hand, the recording and reproduction apparatus 
shown in figure 3 has the two independent file systems 104-1 and 
104-2 for the ordinary data and the video data recorded on the 
hard disk 103, respectively, and fixedly uses the HDD cache 12-1 
for reading and writing the ordinary data, the recording data 
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FIFO 12-2 for recording the video data, and the reproduction data 
FIFO 1203 for reproducing the video data. Therefore, access to 
the ordinary data and access to the video data can be executed 
independently, whereby access delay to the file system 104 is 
prevented, and continuous accessibility to the video data to be 
recorded or reproduced is assured. 

In the recording and reproduction apparatus shown in figure 
3, however, the hard disk 103 is managed as two independent areas, 
i.e., the ordinary data recording section 103-1 and the video 
data recording section 103-2. Therefore, the processor 101 
cannot make random access to the video data recording section 
103-2 in the hard disk 103. 

The random access to the video data by the processor 101 is 
required to realize the function of automatically creating a 
thumbnail image to a recorded program, the function of editing 
the image, or the like. In the construction shown in figure 3, 
however, it is impossible to automatically create a thumbnail 
image to a recorded program or edit the image by random access of 
the processor 101 to the video data on the hard disk 103. 

The present invention is made to solve the above-mentioned 
problems and has for its object to provide a recording and 
reproduction apparatus that can realize high-speed and continuous 
access to video data for recording and reproducing a digital 
video signal, and random access to video data for editing or the 
like. 
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DISCLOSURE OF THE INVENTION 

A recording and reproduction apparatus according to Claim 1 
of the present invention is a recording and reproduction 
apparatus comprising a hard disk holding data, a file system for 
controlling recording of data into the hard disk and reproduction 
of data from the hard disk, and plural processors making accesses 
to the data in the hard disk, wherein the file system includes 
internal buffers for temporarily holding the data transferred 
between the plural processors and the hard disk, for every access 
executed between the plural processors and the hard disk. 

Therefore, the file system has an internal buffer for each 
of the accesses executed by the respective processors, whereby it 
is avoided that the accesses from the plural processors share an 
internal buffer. So, even when there are plural kinds of 
accesses from the plural processors to the hard disk, the 
continuity of the accesses can be secured, and another processor 
can make random access to a file where data has already been 
recorded or a file where data is being recorded. 

Next, a recording and reproduction apparatus according to 
Claim 2 of the present invention is a recording and reproduction 
apparatus as defined in Claim 1, wherein each of the accesses 
executed between the plural processors and the hard disk is any 
of sequential or random read access, write access, and read/write 
access . 



Therefore, the file system has an internal buffer for each 
of the accesses executed by the respective processors, whereby it 
is avoided that the accesses from the plural processors share an 
internal buffer. So, even when there are plural kinds of 
accesses from the plural processors to the hard disk, the 
continuity of the accesses can be secured, and another processor 
can make random access to a file where data has already been 
recorded or a file where data is being recorded. 

Next, a recording and reproduction apparatus according to 
Claim 3 of the present invention is a recording and reproduction 
apparatus as defined in Claim 1, wherein the processors are: a 
recording unit for generating digital video to be recorded, and 
performing sequential write access to the hard disk; a 
reproduction unit for performing sequential read access to the 
hard disk, and restoring the digital video from the recorded 
data; and a processor for controlling the entire recording and 
reproduction apparatus, and performing random read/write access 
to the hard disk. 

Therefore, the file system has an internal buffer for each 
of the accesses executed by the recording unit, the reproduction 
unit, and the processor, whereby it is avoided that the accesses 
from the recording unit, the reproduction unit, and the processor 
share an internal buffer. So, the access to ordinary data by the 
processor does not adversely affect the accesses to video data by 
the recording unit and the reproduction unit, whereby the 
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continuity of the accesses to the video data is secured, and the 
processor can make random access to a file where video data has 
already been recorded or a file where video data is being 
recorded . 

Next, a recording and reproduction apparatus according to 
Claim 4 of the present invention is a recording and reproduction 
apparatus as defined in any of Claims 1 to 3 of the present 
invention, wherein the file system includes a selector for 
selecting an internal buffer to be used for each access, in 
advance of use of the hard disk. 

Therefore, the file system can select an internal buffer 
that is provided for each of the accesses executed by the 
respective processors, whereby it is avoided that the accesses 
from the plural processors share an internal buffer. So, even 
when there are plural kinds of accesses from the plural 
processors to the hard disk, the continuity of the accesses can 
be secured. Further, since an internal buffer to be used is not 
fixed for each file but is selected in advance of use of the hard 
disk, another processor can make random access to a file where 
data has already been recorded or a file where data is being 
recorded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a recording and reproduction 
apparatus according to a first embodiment of the present 
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invention. 

Figure 2 is a block diagram of a recording and reproduction 
apparatus according to Prior Art 1. 

Figure 3 is a block diagram of a recording and reproduction 
apparatus according to Prior Art 2 . 

Figure 4 is a diagram illustrating a data structure for 
managing a file of the recording and reproduction apparatus 
according to the first embodiment of the invention. 

Figure 5 is a diagram illustrating a command format from a 
processor of the recording and reproduction apparatus according 
to the first embodiment of the invention. 

Figure 6 is a flowchart illustrating an OPEN process of the 
recording and reproduction apparatus according to the first- 
embodiment of the invention. 

Figure 7 is a flowchart illustrating a WRITE process of the 
recording and reproduction apparatus according to the first 
embodiment of the invention. 

Figure 8 is a flowchart illustrating a CLOSE process of the 
recording and reproduction apparatus according to the first 
embodiment of the invention. 

Figure 9 is a flowchart illustrating the READ process of the 
recording and reproduction apparatus according to the first 
embodiment of the invention. 

BEST MODE TO EXECUTE THE INVENTION 



1 1 

(Embodiment 1) 

Hereinafter, a recording and reproduction apparatus 
according to a first embodiment of the present invention will be 
described with reference to the drawings. 

Figure 1 is a block diagram illustrating a recording and 
reproduction apparatus according to the first embodiment of the 
invention. In the figure, 101 denotes a processor for 
controlling the operation of the entire apparatus through a 
system bus 1, and performing random read/write access to a hard 
disk 103; 102 denotes a main memory as a working recording 
circuit for the processor 101; 103 denotes a hard disk for 
holding video data and the like, as a data recording circuit; 104 
denotes a file system for managing a series of data on the hard 
disk 103 as a random-accessible data sequence, and controlling 
data transmission between the main memory 102 and the hard disk 
103 or between a video processing unit 105 and the hard disk 103; 
and 105 denotes a video processing unit for processing 
input/output video data. Further, the video processing unit 105 
comprises a reception termination unit 15, as a recording unit, 
for converting a video input into an internal recording format, 
and performing successive write access to the hard disk 103; and 
a decoder 16, as a reproduction unit, for performing successive 
read access to the hard disk 103, and creating a video output 
from the recorded data. 

Next, a description will be given of the construction of the 
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system file 104, which is a feature of the present invention. 

The file system 104 comprises a file management unit 11 for 
executing the procedure for file management; an internal buffer 
12 as a temporary storage area for data that is read from or 
written in the hard disk 103; an HDD transmission control unit 13 
for executing data transmission between the internal buffer 12 
and the hard disk 103; a selector 14 for selecting a buffer to be 
connected, for every type of access; and a control bus 2 
connecting the respective constituents of the file system. 

The internal buffer has independent buffer areas 
corresponding to the kinds of accesses to the hard disk 103, i.e., 
an HDD cache 12-1 for random access by the processor 101, a 
recording data FIFO 12-2 for recording data from the reception 
termination unit 16, and a reproduction data FIFO 12-3 for 
reproduction data to the decoder 105. The respective buffer 
areas have the characteristics as follows. 

The HDD cache 12-1 holds a block of higher access frequency 
for longer time. Accordingly, even when the processor 101 makes 
random access to the hard disk 103, the probability of existence 
of the subject data in the HDD cache 12-1 becomes high, whereby 
the number of access times to the hard disk is reduced to improve 
the transmission efficiency. 

On the other hand, the recording data FIFO 12-2 retains the 
video data from the reception termination unit 15 in the first-in 
first-out order, and the reproduction data FIFO 12-3 retains the 
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input data to the decoder 16 in the first-in first-out order. 

Next, a description will be given of the method for managing 
the data in the hard disk by the file management unit 11 in the 
file system 104. 

The file management unit 11 in the file system 104 manages a 
series of data on the hard disk 103 as a data sequence that is 
randomly accessible in byte units and is called a file, and 
controls data transmission between the main memory 101 and the 
hard disk 103 or between the video processing unit 105 and the 
hard disk 103. 

Hereinafter, a description will be given of a file 
management system called "an i-node system" which is described in 
"Design and Mounting of UNIX4.3BSD" (translated by Akira Nakamura 
et al . , June 30, 1991, published by Maruzen) , as an example of a 
file management system by the file management unit 11. 

Figure 4 is a diagram illustrating a data structure for 
managing a file on the hard disk 103 by the i node system. As 
shown in figure 4, five kinds of blocks, i.e., file information 
42, directory information 43, an indirect designation block 44, a 
data block 45, and a bit map 46, are present on the hard disk 103. 

The file information 42 is a block existing singly in each 
file, and the file information 42 has a file size 42-1 indicating 
the size of the file in byte units, and a block list 42 
indicating the block numbers of data blocks 4 5 where the data of 
the file are actually stored. 
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The directory information 43 has a file name 43-1, and a 
file information number 43-2 as an index of the corresponding 
file information 42, and associates the file name with the file 
information 42 . 

Further, in the indirect designation block 44, the block 
numbers of the data blocks 45, where the data of the file are 
stored, are sequentially recorded, and the data to be recorded as 
the file are stored in the respective data blocks 45. 

Further, each bit on the bit map 46 is associated with one 
block to manage the block, and unused blocks on the hard disk 103 
are managed by setting the bit at 0 when the corresponding block 
is unused, and setting the bit at 1 when the corresponding block 
is used. 

Further, the file management unit 11 of the file system 104 
for managing the data in the hard disk 103, has a table called a 
file description 41 to control access to the file. The file 
description 41 has a file information number 41-1 indicating the 
file information 42 of a file to access, a file pointer 41-2 
indicating a file position for read/write, and a use internal 
buffer 41-3 indicating an internal buffer 12 to be used when 
accessing the file. 

Since the file description 41 exists for every access to the 
file, there may be cases where plural file descriptions 41 exist 
for one file. For example, when executing recording and 
reproduction of video at the same time, input video data is 



15 



written in a file and, simultaneously, video data to be 
reproduced is read from the same file. At this time, a file 
description for write access and a file description for read 
access exist corresponding to one file. 

In this way, the file management unit 11 in the file system 
104 has the file description 41 that exists for each access to 
the file, and manages a series of data on the hard disk 103 as a 
random- accessible data sequence. 

While in this first embodiment the i-node system is 
described as a file management system, the present invention is 
applicable to the case of managing a file using a file allocation 
table (FAT) that is employed in the operating system of Windows 
or the like. 

Next, a description will be given of control of access to 
the hard disk 103 by the file system 104, with reference to 
figures 5 through 9. 

The file system 104 controls access to the hard disk 103, on 
the basis of a command from the processor 101 to the file system 
104. Figure 5 shows the format of the command from the processor 
101 according to the first embodiment of the invention. 

In figure 5, an OPEN command 510 is a command for notifying 
the file system 104 of an access method or the like in advance of 
use of a file. The OPEN command 510 indicates a file name 511 to 
access as a first argument, an access mode 512 such as read/write 
as a second argument, and a use internal buffer 513 as a third 
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argument. On receipt of the OPEN command 210 from the processor 
101, the file system 104 creates a file description 41 as shown 
in figure 4, and returns, as a return value, a file descriptor 
514 as an index indicating the file description 41. 

A READ command 520 is a command for making read access to 
the already opened file. When the file descriptor 514 indicating 
a file as a read target, the destination address 522 on the main 
memory where the read file data is stored, and the size 523 
indicating the number of bytes to be read are given to the file 
system 104 as the first, second, and third arguments, 
respectively, the file system 104 returns, as a return value, the 
transfer size 524 indicating the number of bytes actually read. 

A WRITE command 530 is a command for making write access to 
the already opened file. When the file descriptor 514 indicating 
a file as a write target, the destination address 532 on the main 
memory where the data to be written is stored, and the size 533 
indicating the number of bytes to be written are given to the 
file system 104 as the first, second, and third arguments, 
respectively, the file system 104 returns, as a return value, the 
transfer size 534 indicating the number of bytes actually written. 

Read/write to the file are executed on the file position 
indicated by the file pointer 41-2 in the file description 41 
shown in figure 4. The file pointer 41-2 is initialized to zero 
when opening the file, and is incremented at every read/write 
access, by the size of the access. 
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A LSEEK command 540 is a command for moving the file pointer 
41-2 of the already opened file to a designated position, and 
this command enables random access to the file. When the file 
descriptor 514 indicating a file whose file pointer is to be 
updated, and the new file pointer value 542 are given to the file 
system 104 as the first and second arguments, respectively, the 
file system 104 returns, as a return value, the updated file 
pointer value 544. 

A CLOSE command 550 is used to notify the file system 104 of 
the file on which access has ended, and it releases the file 
description 41 indicated by the file descriptor 514 as the first 
argument. 

Hereinafter, the process contents of the respective commands 
will be described in more detail. In the following description, 
the file information 42, the directory 43, and the like are those 
in the file management data structure shown in figure 4. 

Figure 6 is a flowchart illustrating the OPEN process. In 
this process, the file having the file name 511 indicated by the 
first argument in the OPEN command 510 shown in figure 5 is 
opened in the open mode 512 indicated by the second argument, and 
initialization for making access is performed using the use 
internal buffer 513 indicated by the third argument. 

In the OPEN command process, initially, it is checked 
whether the open mode is CREATE or not (step 601) . When CREATE 
is possible, the file size 42-1 in the file information 42 is 
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initialized to zero, and the block list 42-2 is initialized by 
NULL, thereby creating new file information 42 (step 602) . 

Thereafter, the first argument 511 is set in the file "name 
43-1 in the directory entry 43-3, and the number of the created 
file information 42 is set in the file information number 43-2, 
whereby the newly created file information 42 is entered in the 
directory 43 (step 603) . 

When it is decided in step 601 that the open mode is not 
CREATE, the directory 43 is searched for the directory entry 43-3 
whose file name 43-1 is identical to the first argument 511, and 
the file information 42 indicated by the file information number 
43-2 in the selected directory entry 43-3 is obtained to identify 
the target file information from the existing file information 42 
(step 604) . 

After the file information 42 is obtained in step 602 or 
step 604, the number of the file information 42 is set in the 
file information number 41-1, the file pointer 41-2 is 
initialized to zero, and the value of the third argument 513 is 
set in the use internal buffer 41-3, thereby creating the file 
description 41 (step 605) . Thereafter, the file descriptor 514 
corresponding to the created file description 41 is set in the 
result of execution (step 602) to end the process. 

In the present invention, as shown in step 605, in the file 
description 41 that exists for every access to a file, the number 
of obtained file information 42 is set in the file information 
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number 41-1, the file pointer 41-2 is initialized to zero, and 
the value of the third argument 513 is set in the use internal 
buffer 41-3. Therefore, even when plural accesses are made to 
the same file, the internal buffer to be used can be designated 
for each access by the OPEN command. That is, in the present 
invention, even when plural accesses are made to the same file, 
the internal buffer 12 to be used can be changed for each access. 
For example, when recording video data on a file, the recording 
data FIFO 12-2 is used as the internal buffer 12, and when 
editing the video data in the file simultaneously with the 
recording, the HDD cache 12-1 can be used as the internal buffer 
12 simultaneously with the recording data FIFO 12-2. 

Figure 7 is a flowchart illustrating the WRITE process. In 
this process, using the access method indicated by the file 
descriptor 514 that is the first argument in the WRITE command 
530, the data equivalent to the transfer size 533 indicated by 
the third argument is written from the source address 532 
indicated by the second argument to the hard disk 103. 

In the WRITE process, initially, the file description 
indicated by the first argument 514 is obtained (step 701), and 
the file information 42 indicated by the file information number 
41-1 in the file description 41 is obtained (step 702) . Next, it 
is checked whether a data block 45 as a write target, which is 
indicated by the file pointer 41-2, exists or not (step 703), and 
when no data block 45 as a write target exists, a new data block 
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45 is obtained (step 704) . 

Thereafter, the WRITE process is divided into branch 
processes as follows: the process by the HDD cache 12-1 that is 
the internal buffer 12 indicated by the use internal buffer 41-3 
in the obtained file description 41 (step 705), and the process 
by the recording data FIFO 12-2 (step 709) . 

When the use internal buffer 41-3 is the HDD cache 12-1, the 
HDD cache 12-1 is searched for a data block 45 as a write target 
(step 706) . When there is no target block as a write target, a 
data block is obtained from a new cache (step 707) . Thereafter, 
the data equivalent to the size indicated by the third argument 
533 is written in this cache from the address on the main memory 
indicated by the second argument 532 (step 708) . 

When the use internal buffer 41-3 is the recording data FIFO 
12-2, the data equivalent to the size indicated by the third 
argument 533 from the head data in the recording data FIFO 12-2 
is written in the hard disk 103 (step 710) . At this time, the 
actual writing into the hard disk 103 is executed by the HDD 
transfer controller 13 on the basis of an instruction from the 
file management unit 11. 

In the WRITE process, only transfer of data on the main 
memory 101 to the data block of the cache is executed, and data 
transfer from the data block of the cache to the hard disk 103 is 
executed in the CLOSE process 90 which will be described later. 
Thereby, unnecessary write access to the hard disk 103 is avoided, 
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and the write access efficiency is improved. 

When step 708 or step 710 is completed, the file pointer 41- 
2 in the file description 41 is incremented by the size of the 
written data (step 711), and the size of the written data is set 
in the result of execution (step 712) to end the process. 

Figure 8 is a flowchart illustrating the CLOSE process. In 
this process, the file description 41 indicated by the first 
argument 514 in the CLOSE command 550 is released. In the CLOSE 
process, initially, the file description 41 indicated by the 
first argument 514 is obtained (step 801), and the file 
information 42 indicated by the file information number 41-1 in 
the file description 41 is obtained (step 802) . 

Next, it is checked whether the use internal buffer 41-3 
indicated in the file description 41 is the HDD cache 12-1 or not 
(step 803) . When it is the HDD cache 12-1, it is checked whether 
or not the data block of the cache which is written in the step 
708 of the WRITE process exists in the HDD cache 12-1 or not 
(step 804) . When such data block exists, the data block of the 
already written cache is written in the hard disk 103 (step 805), 
and the data block of the cache is released (step 806) . Steps 
804, 805, and 806 are continued until the data blocks of the 
already written cache are gone. 

When the use internal buffer 41-3 is not the HDD cache 12-1 
or when the data blocks of the already written cache are gone, 
the file description 41 is released (step 807) to end the process. 
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Figure 9 is a flowchart illustrating the READ process. In 
this process, using the access method indicated by the file 
identifier 514 as the first argument in the READ command 520, the 
data equivalent to the transfer size 523 indicated by the third 
argument is read from the hard disk 103 to the destination 
address 522 indicated by the second argument. 

In the READ process, initially, the file description 
indicated by the first argument 514 is obtained (step 901),- and 
the file information 42 indicated by the file information number 
41-1 in the file description 41 is obtained (step 902) . Next, 
the READ process is divided into the following branch processes: 
the process by the HDD cache 12-1 that is the internal buffer 12 
indicated by the use internal buffer 41-3 in the obtained file 
description 41 (step 903), and the process by the reproduction 
data FIFO 12-3 (step 908) . 

When the internal buffer is the HDD cache 12-1, it is 
checked whether the data block 45 as a read target exists in the 
HDD cache 12-1 or not (step 904) . When no read target block 
exists, a data block of a new cache is obtained (step 905), and 
the data block 45 on the hard disk 103 is read in the data block 
of this cache (step 906) . Thereafter, the data in the data block 
in this cache is read to the address on the main memory 101 
indicated by the second argument 522 by the size designated by 
the third argument 523 (step 907). When a read target block 
exists in the HDD cache 12-1 in step 904, access to the hard disk 
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103 (steps 905 and 906) becomes unnecessary, and only read access 
to the data block of the corresponding cache (step 907) is 
carried out, resulting in high-speed reading. 

When the internal buffer 12 is the reproduction data FIFO 
12-3, the data equivalent to the size designated by the third 
argument 523 is read from the data on the hard disk 103 indicated 
by the file pointer 41-2, to the end part of the reproduction 
data FIFO 12-3 (step 909) . At this time, actual reading from the 
hard disk 103 is executed by the HDD transfer control unit 13 on 
the basis of an instruction from the file management unit 11. 

When the data reading in step 907 or step 909 is ended, the 
file pointer 41-2 is incremented by the size of the read data 
(step 909) , and the size of the read data is set in the result of 
execution (step 910) to end the process. 

Next, the LSEEK process will be described. In this process, 
with respect to the file indicated by the file descriptor 514 as 
the first argument in the LSEEK command, the access position to 
the file (i.e., the value of the file pointer 41-2) is set in the 
file pointer value 542 indicated by the second argument. 

In the LSEEK process, initially, the file description 
indicated by the first argument 514 is obtained, the value 
indicated by the second argument 542 is set in the file pointer 
41-2 in the file description 41, and the updated file pointer 
value is set in the result of execution to end the process. 

Although, in the first embodiment shown in figure 1, the 
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file system is implemented, as one functional block, the present 
invention is also applicable to the case where the file system is 
implemented as software on the processor 110. 

As described above, in the present invention, an independent 
buffer area is provided for each type of access to the hard disk 
103, and each buffer is used for the corresponding access. 
Therefore, the access by the processor 101 and the access by the 
video processing unit 105 are performed without sharing an 
internal buffer, whereby continuity of accesses to video data can 
be secured. 

Further, since the internal buffer to be used is not fixed 
for each file but specified for each access to the file by the 
processor 101, the processor 101 can randomly access a file in 
which video data has already been recorded or a file in which 
video data is being recorded. 

Although, in the recording and reproduction apparatus - 
according to the first embodiment of the invention, the 
processing units that process the data on the hard disk are the 
processor 101, the reception termination unit 15 as a recording 
unit, and the decoder 16 as the reproduction unit, the processing 
units are not restricted to them, and the present invention can 
also be applied to other processing units that make access to the 
hard disk. 

Further, in the recording and reproduction apparatus 
according to the first embodiment of the invention, the processor 



25 



101 performs random access in the read/write mode to the hard 
disk, the reception termination unit 15 as the recording unit 
performs sequential access in the write mode to the hard disk, 
and the decoder as the reproduction unit performs sequential 
access in the read mode to the hard disk, and the recording and 
reproduction apparatus has an internal buffer for each of these 
accesses. However, the present invention is not restricted 
thereto, and the recording and reproduction apparatus may have an 
internal buffer for each access from a processing unit. For 
example, the apparatus may have an internal buffer for each of 
sequential read access, write access, and read/write access, 
which are executed by a single processing unit. 

APPLICABILITY IN INDUSTRY 

As described above, according to a recording and 
reproduction apparatus of the present invention, an independent 
internal buffer area is provided for each of plural kinds of 
accesses to a hard disk, and each internal buffer is used for the 
corresponding access, whereby it is avoided that access by the 
processor and access by the video processing unit share an 
internal buffer. Therefore, the access to ordinary data does not 
adversely affect the access to video data, whereby the continuity 
of the accesses to video data is ensured. Further, an internal 
buffer to be used is not fixed for each file but specified for 
each access to a file, whereby the processor can randomly access 
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a file in which video data has already been recorded or a file in 
which video data is being recorded. 

According to the present invention, the continuity of .the 
accesses to the hard disk for recording and reproduction can be 
secured, and the processor can randomly access already recorded 
video data during data recording. 
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CLAIMS 

1 . (Amended) A recording and reproduction apparatus comprising a 
hard disk holding data, a file system for controlling recording 
of data into the hard disk and reproduction of data from the hard 
disk, and plural processors making accesses to the data in the 
hard disk: 

wherein said file system includes plural internal buffers for 
temporarily holding the data transferred between the plural 
processors and the hard disk, which internal buffers correspond 
to the respective kinds of accesses executed between the plural 
processors and the hard disk. 

2. (Amended) A recording and reproduction apparatus as defined in 
Claim 1, wherein each of the accesses executed between the plural 
processors and the hard disk is any of sequential or random read 
access, write access, and read/write access. 

3. A recording and reproduction apparatus as defined in Claim 1, 
wherein the processors are: 

a recording unit for generating digital video to be recorded, 
and performing sequential write access to the hard disk; 

a reproduction unit for performing sequential read access to 
the hard disk, and restoring the digital video from the recorded 
data; and 



Translation of Amendment under Article 19{1) 
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a processor for controlling the entire recording and 
reproduction apparatus, and performing random read/write access 
to the hard disk. 

4. (Amended) A recording and reproduction apparatus as defined in 
any of Claims 1 to 3, wherein said file system includes a 
selector for selecting an internal buffer to be used for every 
kind of access, in advance of use of the hard disk. 



Explanation based on the Convention 19(1) 



In Claim 1 and Claim 4, it is clearly defined that an 
internal buffer is provided not for every access executed between 
the processors and the hard disk, but for every kind of access 
executed between the processors and the hard disk. 



ABSTRACT 



An independent internal buffer area is provided for each of 
plural kinds of accesses to a hard disk, and each internal buffer 
is used for the corresponding access, whereby it is avoided" that 
access by a processor and access by a video processing unit share 
an internal buffer, and the continuity of the accesses to the 
hard disk for recording and reproduction can be secured. Further, 
since an internal buffer to be used is specified for each access 
to a file, the processor can randomly access a file in which 
video data has already been recorded or a file in which video 
data is being recorded. 
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Fig.2 
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Fig.3 
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Fig.4 



file management unit 

A 



file information number 



41 file description 
' 41-1 



file pointer 



internal buffer to be used 



41-2 

103 

41-3 hard disk 



43 

directory information 



42 file information 

( 42-1 



43-3 [ 
directory J 
entry | 



44 

indirect 

designation block 



file information 
number 



block number 



46 

bit map 
* <_ 



1 



1 



43-1 
43-2 



09/830674 



5/9 

Fig.5 



format of command 





command 
name 


first 

arm imont 
cu yui i ici ti 


second 
argument 


third 

a rni imont 
di yui i mi u 


return 


510^ 


OPEN 


file name 
(511) 


open mode 
(512) 


internal 
buffer to 
be used 
(513) 


file 
identifier 
(514) 


520-^ 


READ 


file 
identifier 
(514) 


destination 
address 
(522) 


transfer 
size 
(523) 


read size 
(524) 


530^ 


WRITE 


file 
identifier 
(514) 


destination 
address 
(532) 


transfer 
size 
(533) 


read size 
(534) 


540 


LSEEK 


file 
identifier 
(514) 


file pointer 
value 
(542) 




updated 
pointer 
value 
(544) 


550^ 


CLOSE 


file 
identifier 
(514) 









09/8306 



( START ~) 




Create file description p-" S605 

I 

Set file description in S606 
result of execution 

r 1 

( END ) 



09/830674 



7 



( START ) 

Obtain fil e description | 

I ^ S702 




Use HDD cache 




Secure data block 
in cache 



Write data from 
main memory to 
HDD cache 



-S708 



Use recording 
data FIFO 






Write data from 
recording data FIFO 
to hard disk 








S712 



09/830674 



8/9 

Fig.8 

( START ~) 




Write data block in 
cache into hard disk 



[ ^S806 

Release data block 
in cache 



Release file description J"^-" S807 



( END 



09/8306 



9 



( START ) 

I r S901 

Obtain file descript ion | 

\ s S902 



Obtain file information 



r 




Read file data 
from hard disk to 
data block in cache 



Read data from 
cache memory to 
main memory 



Use reproduction 
data FIFO 






Read file data 
from hard disk to 
reproduction 
data FIFO 








Rev. 3-21-01 



Effective March 1998 



DECLARATION AND POWER OF ATTORNEY FOR U.S. PATENT APPLICATION 

() Original () Supplemental () Substitute (X) PCT () DESIGN 

As a below named inventor, I hereby declare that: my residence, post office address and citizenship are as stated below next 
to my name; that 1 verily believe that I am the original, first and sole inventor (if only one name is listed below) or an original, first and 
joint inventor (if plural inventors are named below) of the subject matter which is claimed and for which a patent is sought on the 
invention entitled: 

Title: RECORDING AND REPRODUCTION APPARATUS 

of which is described and claimed in: 

0 the attached specification, or 

() the specification in application Serial No. NEW , filed April 30, 200 1 , and with amendments through , or 

(X) the specification in International Application No. PCT/JPOO/05806 . filed August 29, 2000 . and with amendments through April 
30. 2001 (if applicable). 

1 hereby state that I have reviewed and understand the content of the above-identified specification, including the claims, as amended 
by any amendment(s) referred to above. 

II acknowledge my duty to disclose to the Patent and Trademark Office all information known to me to be material to patentability as 
"'defined in Title 37, Code of Federal Regulations, §1.56. 



I hereby claim priority benefits under Title 35, United States Code, §119 (and §172 if this application is for a Design) of any 
. application(s) for patent or inventor's certificate listed below and have also identified below any application for patent or inventor's 
certificate having a filing date before that of the application on which priority is claimed: 



COUNTRY 


APPLICATION NO. 


DATE OF FILING 


PRIORITY 
CLAIMED 


Japan 


No.Hei.l 1-243617 


August 30, 1999 


YES 



















I hereby claim the benefit under Title 35, United States Code §120 of any United States application(s) listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided by 
the first paragraph of Title 35, United States Code §112, I acknowledge the duty to disclose information material to patentability as 
defined in Title 37, Code of Federal Regulations, §1.56 which occurred between the filing date of the prior application and the national 
or PCT international filing date of this application: 



APPLICATION SERIAL NO. 


U.S. FILING DATE 


STATUS: PATENTED, PENDING, 
ABANDONED 















And I hereby appoint Michael R. Davis, Reg. No. 25,134; Matthew M. Jacob, Reg. No. 2*5,154; Warren M. Cheek, Jr., Reg. No. 
33,367; Nils Pedersen, Reg. No. 33,145; Charles R. Watts, Reg. No. 33,142; and Michael S. Huppert, Reg. No. 40,268, who together 
constitute the firm of WENDEROTH, LIND & PONACK, L.L.P., as well as any other attorneys and agents associated with Customer 
No. 000513, to prosecute this application and to transact all business in the U.S. Patent and Trademark Office connected therewith. 



1 hereby aulhorize the U.S. attorneys and agents named herein to accept and follow instructions from HAYASE&CO. as to any action 
to be taken in the U.S. Patent and Trademark Office regarding this application without direct communication between the U.S. attorneys 
and myself. In the event of a change in the persons from whom instructions may be taken, the U.S. attorneys named herein will be so 
notified by me. 



Direct Correspondence to 

11 


Customer No: 11 Direct Telephone 

IINIIIIIIIIIIIIllll 


Calls to: 

WENDEROTH. LIND & PONACK. L L I' 
2033 "K" Street. N.W., Suite 800 


{ 

PATENT T 


)00513 1 

RADEMARK OFFICE III 


Washington. D.C 20006-102! 

Phone (202) 721-8200 
Fax:(202) 721-8250 


Full Name of 
First Inventor 


1 N^t/l J 

FAMILY NAME 1 I' *w^FIRST GIVEN NAME 

SUZUKAl | Jetsuya 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY "~— £>/~*Kl STATE OR COUNTRY 

Ehime u J Japan 


COUNTRY OF CITIZENSHIP 

Japan 


Post Office 
Address 


ADDRESS V^^)^ CITY STATE OR COUNTRY ZIP CODE 

481-2, Yoshida, Toyo-shi, Ehime 799-1372 Japan 


Full Name of 


FAMILY NAME FIRST GIVEN NAME 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY STATE OR COUNTRY 


COUNTRY OF CITIZENSHIP 


Post Office 
Address 


ADDRESS CITY 


STATE OR COUNTRY ZIP CODE 


Full Name of 


FAMILY NAME FIRST GIVEN NAME 


SECOND GIVEN NAME 


Residence & 


CITY STATE OR COUNTRY 


COUNTRY OF CITIZENSHIP 


Post Office 
Address 


ADDRESS CITY 


STATE OR COUNTRY ZIP CODE 


Full Name of 


FAMILY NAME FIRST GIVEN NAME 


SECOND GIVEN NAME 


Residence & 


CITY STATE OR COUNTRY 


COUNTRY OF CITIZENSHIP 


Post Office 
Address 


ADDRESS CITY STATE OR COUNTRY ZIP CODE 


Full Name of 
Fifth Inventor 


FAMILY NAME FIRST GIVEN NAME 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY STATE OR COUNTRY 


COUNTRY OF CITIZENSHIP 


Post Office 
Address 


ADDRESS CITT 


STATE OR COUNTRY ZIP CODE 



Page 2 of 3 



I further declare that all statements made herein of my own knowledge are true, and that all statements on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false 
statements may jeopardize the validity of the application or any patent issuing thereon. 

1st Inventor ^zXEvya/ /Lh^uAcl/ DjUc Ul^e ^) } 2£>Q \ 

Tetsuya SUZUKA ~~ 
2nd Inventor Date 

3rd Inventor E> a te 

4th Inventor ___ Date 

5th Inventor Date 



6th Inventor _ 



_ Date _ 



The above application may be more particularly identified as follows: 
U.S. Application Serial No. NEW Filing Date April 30. 2001 
Applicant Reference Number P-23037-02 Atty Docket No. 2001-0505A 
Title of Invention RECORDING AND REPRODUCTION APPARATUS 



Page 3 of 3 



